The phonon widths of outermost core-electron photoemission spectra from (110)-oriented overlayers of Na, K, and Rb metals show the expected Debye behavior for the bulk atoms, but significant deviations for the surface atoms. The data indicate a softening of the surface vibrational mode above 200 K.
I. INTRODUCTION It has long been recognized that the vibrations of atoms in the surface of a bulk solid are anisotropic, ' with a larger amplitude normal to the surface. This generalization is not valid when foreign atoms are adsorbed on the surface. More recently, surface anharmonicity has been invoked to explain many different observations, including increased thermal expansion of the surface layer, loss of intensity of surface (inverse) photoemission peaks, and anisotropic Debye-Wailer damping in surface extended x-ray-absorption fine structure from adsorbates " and adsorbate-covered metal surface atoms. ' Thermal effects on the intensity of He-atom scattering peaks from the Cu(110) surface have been variously attributed to thermal roughening' and surface anharmonicity. ' The latter effect has recently been observed in electron-energy-loss data from that surface. '
Here, we present the results of a photoemission study of alkali metals in which the effects of anharmonicity on phonon widths of the surface-atom peaks clearly emerge. Following up on our demonstration of a soft phonon mode normal to the surface of Na, ' we have extended out study to K and Rb over the same temperature range. (0) 1+8 f ". (2) e"-].
The result is shown in Fig. 4 together with the hightemperature, linearized asymptotic form from Eq. (1). It is clear that a fit with a straight line results in only a small overestimate of the intercept. For K, with a smaller en, the separation between the fit using Eq. (2) and that using Eq. (1) is smaller than the scatter of the data.
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